Role of ascorbic acid in dopamine beta-hydroxylation. The endogenous enzyme cofactor and putative electron donor for cofactor regeneration.
The role(s) of ascorbic acid in dopamine beta-hydroxylation was studied in primary cultures of bovine adrenomedullary chromaffin cells and in isolated bovine adrenomedullary chromaffin vesicles. Dopamine beta-hydroxylase activity was assessed by measuring the rate of conversion of tyramine to octopamine. The ascorbic acid content of chromaffin cells declined with time in culture and the dopamine beta-hydroxylase activity of ascorbate-depleted cells was low. Ascorbate additions to ascorbate-depleted cells increased both the intracellular ascorbate concentrations and the rates of dopamine beta-hydroxylation. Ascorbate uptake into the cells was rapid; however, the onset of enhanced octopamine synthesis by added ascorbate was delayed by several hours and closely followed the time course for accumulation of the newly taken up ascorbate into the chromaffin vesicle. The amount of octopamine synthesized by the chromaffin cells exceeded the intracellular ascorbate content and ascorbate levels were maintained during dopamine beta-hydroxylation in the absence of external ascorbate. This suggests an efficient recycling of ascorbate. In contrast to intact cells, ascorbic acid was depleted during octopamine synthesis in isolated chromaffin vesicles. The molar ratio of octopamine formed to ascorbate depleted was close to unity. Thus, the recycling of intravesicular ascorbate depends on an extravesicular factor(s). The depletion of intravesicular ascorbate during dopamine beta-hydroxylation was prevented by the addition of nonpermeant extravesicular electron donors such as ascorbate or glucoascorbate. This suggests that intravesicular ascorbate is maintained in the reduced state by electron transport across the vesicle membrane. These results are compatible with the hypothesis that both intra- and extravesicular ascorbate participate in the regulation of dopamine beta-hydroxylase. Intravesicular ascorbate is the cofactor for the enzyme. Cytosolic ascorbate is most likely the electron donor for the vesicle-membrane electron transport system which maintains the intravesicular cofactor concentration.